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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _GoBack]In this contribution we summarize our contributions on cell detection times for continuous cell search, [4][5], and derive an upper bound of the cell detection times the cat NB1 UEs shall be able to meet in 90% of the cases. The results are to be used e.g. when specifying the RRC re-establishment requirements as requested in [6].
Background
Synchronization signals
Similar to MBB LTE the synchronization signals consists of a Primary Synchronization Signal (NB-PSS) and a Secondary Synchronization Signal (NB-SSS). The number of versions, the composition, and the periodicity however differs from the legacy LTE system. There is a single PSS common to all 504 cell identities, and there are 504 cell identities represented by SSS. In subframes that carry synchronization signals, NB-PSS and NB-SSS, respectively, occupies the last 11 OFDM symbols, at least for the normal cyclic prefix configuration. The number of subcarriers that are used for carrying synchronization signals is 11 for NB-PSS and 12 for NB-SSS.
The periodicities of NB-PSS and NB-SSS have not yet been determined, but NB-PSS is sent in subframe 5 and NB-SSS in subframe 9. Subframes in which NB-PSS or NB-SSS are transmitted do not carry NB-RS, but may in case of in-band deployment be subjected to puncturing by CRS from the LTE cell in whose downlink bandwidth the NB-IoT cell operates.
The agreed design of NB-PSS is captured in [1], and consists of a Zadoff-Chu sequence of length 11 in frequency domain, generated with root index 5. The same Zadoff–Chu sequence is repeated in 11 subsequent OFDM symbols but with a phase determined by a code cover sequence [1  1  1  1  -1  -1  1  1  1  -1  1].
For the design for NB-SSS was completed at RAN1#84bis. However, due to the limited time until the RAN4#78AH we have used the NB-SSS design in [2]. Particularly, this design is using only 9 OFDM symbols whereas 11 symbols has been agreed in RAN1.
Regarding periodicities of NB-PSS and NB-SSS we have assumed that the former has a periodicity of 10ms and that the latter has a periodicity of 20ms and is transmitted in every odd radio frame. Moreover, for the latter a binary scrambling code is applied on the four instances transmitted during a 80ms period such that the UE can determine where in the 80ms period it captured the NB-SSS instance. The layout of the synchronization signals in a 80ms period is illustrated in Figure 1.


[bookmark: _Ref447285472]Figure 1: Assumed periodicities and phases of NB-PSS and NB-SSS in simulations.

Operation modes
Three operation modes have been agreed for NB-IoT:
· Stand-alone operation, making use of scattered spectrum and e.g. re-farming of GSM spectrum,
· Guard-band operation, making use of the currently unused resource blocks at the edges of the MBB LTE cell, and
· In-band operation, making use of resources that are within the system bandwidth of the MBB LTE cell.
In stand-alone and guard-band operation it is mainly the interference that may put a limit on the performance, whereas in the in-band operation additional puncturing of NB-PSS and NB-SSS by MBB LTE CRSs may have an impact on the performance. For the latter case a boosting of the NB-PSS and NB-SSS by up to 6dB compared to the MBB LTE CRS has been agreed. Particularly for in-band operation the first 3 OFDM symbols in a subframe are reserved for the MBB LTE control region (PDCCH, PHICH, PCFICH) and hence are not used by NB-IoT. Both normal and extended cyclic prefixes are to be supported however the impact on e.g. NB-PSS and NB-SSS when extended cyclic prefix is used is still to be specified by RAN1.
Coverage scenarios
The NB-IoT device may operate in two coverage scenarios, as agreed at the RAN4-78AH meeting [3] :
· Normal coverage, similar to that of MBB LTE devices and applicable down to SNR -6dB
· Enhanced coverage, applicable down to SNR -15dB
Simulation assumptions
The parameters used in the simulations are shown in Table 1 below. Two frequency offsets are assumed: ±18kHz and ±100Hz. The former is modelling that the UE has been inactive for a long duration of time, e.g. due to eDRX inactivity, whereby it has lost the synchronization to the network. The latter models that the UE already has found at least a first cell, and therefore has (re-)synchronized to the network. 
The cases considered are a single cell with radio propagation channels AWGN, ETU 1Hz and EPA 1Hz, respectively. All three cases aim at modelling a stationary device, with the fading channels modelling that although the device is stationary, the multipath propagation may be influenced by activities in the surrounding (road traffic etc.)


[bookmark: _Ref447287211]Table 1: Simulation parameters
	Parameter
	Value(s)
	Comment

	Channel model
	AWGN,
ETU 1Hz,
EPA 1Hz
	Models stationary device

	System bandwidth
	180kHz (1 PRB)
	

	Antenna configuration
	In-band
Guard-band
	2TX, 1RX
	Puncturing of NB-PSS and NB-SSS in in-band operation when colliding with 2TX CRS pattern

	
	Stand-alone
	1TX, 1RX
	

	Power boosting for NB-IoT
	In-band
Guard-band
	0 dB, 6 dB
	NB-IoT is transmitted at 6dB higher power than the MBB LTE cell to which it is associated.

	
	Stand-alone
	N/A
	

	Cyclic prefix configuration 
	Normal CP
	CP lengths 10 and 9 samples for first and following symbols in a slot, respectively, at 1.92MS/s.

	NB-IoT load condition
	Fully loaded, modelled by OCNG
	OFDM symbols 3-13

	MBB LTE cell load condition
	In-band
	Fully loaded, modelled by OCNG
	OFDM symbols 0-2. (Control region)

	
	Guard-band
Stand-alone
	N/A
	

	Frequency offset
	±100Hz, ±18kHz
	18kHz models lost frequency synchronization due to waking up after extended sleep period

	SNR range
	-15 to 10 dB
	


	NB-PSS periodicity
	10ms
	Subframe #5

	NB-SSS periodicity
	20ms
	Subframe #9 odd radio frames

	Algorithms for cell detection
	Implementation specific
	



Simulation results for In-band operation
The simulation results in the sections below comprise percentiles for three kinds of metrics:
· Total cell detection time (NPSS detection followed by NSSS detection) when using continuing the NPSS detection and the NSSS detection, respectively, until the correct cell has been found in each step. Thus this result relies on genie information (correct timing, correct PCI).
· Total number of NPSS instances that have to be accumulated until the correct timing is found. Each additional NPSS instance increases the cell search time by 10ms.
· Total number of NSSS instances that have to be accumulated until the correct PCI is found. Each additional NSSS instance increases the cell search time by 20ms.
The first metric represents the lower extreme of cell detection time and relies on that the UE can determine whether a candidate detected in the NPSS and NSSS detections, is a reliable candidate. This kind of logics is typically UE implementation specific.
The last two metrics can be used to find an upper extreme of cell detection times. Under the assumption that the NPSS and NSSS detections can be considered independent with respect to the propagation channel, one may add the time corresponding to the 95th percentile for NPSS with the corresponding time for NSSS, to reach the 90th percentile of the total cell detection time. This approach would represent a UE implementation that simply accumulates long enough before it detects the NPSS timing and NSSS PCI, respectively. Hence a UE implementation shall not need more time than indicated by this upper extreme.
AWGN

[bookmark: _Ref447625503]Table 2: In-band AWGN scenario. Percentiles for total cell detection time and accumulated NPSS and NSSS instances for successful detection. Frequency offset ±18kHz.
	
	Boosting 6dB
	Boosting 0dB

	SNR [dB]
	Total time [ms]
	# PSS
	# SSS
	Total time [ms]
	# PSS
	# SSS

	
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt

	-15
	470
	830
	41
	76
	91
	3
	5
	6
	495
	910
	44
	84
	99
	3
	5
	5

	-12
	190
	310
	15
	28
	33
	2
	3
	3
	190
	336
	16
	31
	36
	2
	3
	3

	-9
	90
	130
	6
	12
	14
	1
	2
	2
	90
	150
	7
	12
	15
	1
	2
	2

	-6
	50
	70
	3
	6
	6
	1
	1
	1
	50
	70
	3
	6
	7
	1
	1
	1

	-3
	30
	50
	2
	3
	4
	1
	1
	1
	30
	50
	2
	3
	4
	1
	1
	1

	0
	30
	30
	1
	2
	2
	1
	1
	1
	30
	30
	1
	2
	2
	1
	1
	1

	3
	30
	30
	1
	1
	1
	1
	1
	1
	30
	30
	1
	1
	2
	1
	1
	1

	6
	30
	30
	1
	1
	1
	1
	1
	1
	30
	30
	1
	1
	1
	1
	1
	1

	9
	30
	30
	1
	1
	1
	1
	1
	1
	30
	30
	1
	1
	1
	1
	1
	1




Table 3: In-band AWGN scenario. Percentiles for total cell detection time and accumulated NPSS and NSSS instances for successful detection. Frequency offset ±100Hz.
	
	Boosting 6dB
	Boosting 0dB

	SNR [dB]
	Total time [ms]
	# PSS
	# SSS
	Total time [ms]
	# PSS
	# SSS

	
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt

	-15
	150
	250
	9
	20
	24
	3
	5
	6
	150
	270
	10
	20
	24
	3
	5
	6

	-12
	70
	110
	4
	8
	10
	2
	3
	3
	70
	130
	4
	8
	10
	2
	3
	3

	-9
	30
	70
	2
	4
	4
	1
	2
	2
	50
	70
	2
	4
	5
	1
	2
	2

	-6
	30
	30
	1
	2
	2
	1
	1
	1
	30
	30
	1
	2
	3
	1
	1
	1

	-3
	30
	30
	1
	1
	2
	1
	1
	1
	30
	30
	1
	1
	2
	1
	1
	1

	0
	30
	30
	1
	1
	1
	1
	1
	1
	30
	30
	1
	1
	1
	1
	1
	1

	3
	30
	30
	1
	1
	1
	1
	1
	1
	30
	30
	1
	1
	1
	1
	1
	1

	6
	30
	30
	1
	1
	1
	1
	1
	1
	30
	30
	1
	1
	1
	1
	1
	1

	9
	30
	30
	1
	1
	1
	1
	1
	1
	30
	30
	1
	1
	1
	1
	1
	1






ETU 1Hz

Table 4: In-band ETU 1Hz scenario. Percentiles for total cell detection time and accumulated NPSS and NSSS instances for successful detection. Frequency offset ±18kHz.
	
	Boosting 6dB
	Boosting 0dB

	SNR [dB]
	Total time [ms]
	# PSS
	# SSS
	Total time [ms]
	# PSS
	# SSS

	
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt

	-15
	290
	1166
	23
	110
	153
	2
	6
	9
	310
	1310
	24
	127
	184
	2
	5
	10

	-12
	110
	550
	9
	50
	71
	1
	3
	5
	110
	570
	9
	52
	86
	1
	3
	4

	-9
	70
	330
	5
	30
	43
	1
	2
	3
	70
	290
	5
	24
	40
	1
	2
	3

	-6
	50
	170
	3
	13
	23
	1
	1
	2
	50
	150
	3
	12
	22
	1
	1
	2

	-3
	30
	90
	2
	7
	15
	1
	1
	1
	30
	90
	2
	7
	13
	1
	1
	1

	0
	30
	50
	1
	4
	9
	1
	1
	1
	30
	50
	1
	4
	7
	1
	1
	1

	3
	30
	50
	1
	3
	6
	1
	1
	1
	30
	50
	1
	3
	5
	1
	1
	1

	6
	30
	30
	1
	2
	4
	1
	1
	1
	30
	30
	1
	2
	3
	1
	1
	1

	9
	30
	30
	1
	2
	3
	1
	1
	1
	30
	30
	1
	2
	3
	1
	1
	1





Table 5: In-band ETU 1Hz scenario. Percentiles for total cell detection time and accumulated NPSS and NSSS instances for successful detection. Frequency offset ±100Hz.
	±100Hz frequency offset

	
	Boosting 6dB
	Boosting 0dB

	SNR [dB]
	Total time [ms]
	# PSS
	# SSS
	Total time [ms]
	# PSS
	# SSS

	
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt

	-15
	90
	510
	5
	39
	62
	2
	6
	12
	90
	550
	5
	41
	68
	2
	5
	9

	-12
	50
	250
	3
	16
	31
	1
	3
	5
	50
	290
	3
	19
	35
	1
	3
	5

	-9
	30
	130
	2
	8
	21
	1
	2
	3
	30
	150
	2
	9
	23
	1
	2
	3

	-6
	30
	70
	1
	4
	10
	1
	2
	2
	30
	90
	1
	5
	11
	1
	2
	2

	-3
	30
	50
	1
	3
	6
	1
	1
	2
	30
	50
	1
	3
	7
	1
	1
	2

	0
	30
	30
	1
	2
	4
	1
	1
	1
	30
	30
	1
	2
	5
	1
	1
	1

	3
	30
	30
	1
	1
	2
	1
	1
	1
	30
	30
	1
	2
	4
	1
	1
	1

	6
	30
	30
	1
	1
	2
	1
	1
	1
	30
	30
	1
	1
	2
	1
	1
	1

	9
	30
	30
	1
	1
	2
	1
	1
	1
	30
	30
	1
	1
	2
	1
	1
	1






EPA 1Hz

Table 6: In-band EPA 1Hz scenario. Percentiles for total cell detection time and accumulated NPSS and NSSS instances for successful detection. Frequency offset ±18kHz.
	±18kHz frequency offset

	
	Boosting 6dB
	Boosting 0dB

	SNR [dB]
	Total time [ms]
	# PSS
	# SSS
	Total time [ms]
	# PSS
	# SSS

	
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt

	-15
	290
	1255
	23
	118
	153
	2
	5
	13
	250
	1130
	18
	105
	166
	2
	4
	8

	-12
	110
	570
	8
	53
	75
	1
	3
	4
	90
	530
	7
	50
	73
	1
	3
	4

	-9
	50
	290
	4
	25
	40
	1
	2
	2
	70
	290
	5
	26
	37
	1
	2
	3

	-6
	50
	130
	3
	11
	23
	1
	1
	2
	50
	150
	3
	11
	20
	1
	1
	2

	-3
	30
	90
	2
	7
	13
	1
	1
	1
	30
	90
	2
	6
	10
	1
	1
	1

	0
	30
	50
	1
	4
	7
	1
	1
	1
	30
	50
	1
	4
	6
	1
	1
	1

	3
	30
	50
	1
	3
	4
	1
	1
	1
	30
	41
	1
	2
	4
	1
	1
	1

	6
	30
	30
	1
	2
	3
	1
	1
	1
	30
	30
	1
	2
	3
	1
	1
	1

	9
	30
	30
	1
	1
	2
	1
	1
	1
	30
	30
	1
	1
	2
	1
	1
	1





[bookmark: _Ref450743438]Table 7: In-band EPA 1Hz scenario. Percentiles for total cell detection time and accumulated NPSS and NSSS instances for successful detection. Frequency offset ±100Hz.
	±100Hz frequency offset

	
	Boosting 6dB
	Boosting 0dB

	SNR [dB]
	Total time [ms]
	# PSS
	# SSS
	Total time [ms]
	# PSS
	# SSS

	
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt
	50pt
	90pt
	50pt
	90pt
	95pt
	50pt
	90pt
	95pt

	-15
	90
	489
	4
	35
	52
	2
	5
	9
	90
	468
	5
	35
	55
	2
	5
	9

	-12
	50
	230
	3
	15
	26
	1
	3
	5
	50
	230
	3
	14
	27
	1
	3
	5

	-9
	30
	110
	2
	6
	13
	1
	2
	3
	30
	130
	2
	7
	14
	1
	2
	3

	-6
	30
	70
	1
	4
	7
	1
	2
	2
	30
	70
	1
	4
	7
	1
	2
	2

	-3
	30
	50
	1
	3
	5
	1
	1
	2
	30
	50
	1
	3
	4
	1
	1
	2

	0
	30
	30
	1
	2
	3
	1
	1
	1
	30
	30
	1
	2
	3
	1
	1
	1

	3
	30
	30
	1
	1
	2
	1
	1
	1
	30
	30
	1
	1
	2
	1
	1
	1

	6
	30
	30
	1
	1
	1
	1
	1
	1
	30
	30
	1
	1
	1
	1
	1
	1

	9
	30
	30
	1
	1
	1
	1
	1
	1
	30
	30
	1
	1
	1
	1
	1
	1




Maximum cell detection time
The 90th percentile of the maximum cell detection time to consider e.g. for RRC Re-establishment requirement, by which the UE continuously searches for a cell, may be derived for the two coverage levels, with and without boosting, and for frequency offsets ±18kHz and ±100Hz, respectively, by calculating the time resulting from the 95th percentile of number of accumulated NPSS and NSSS, respectively, required for successful detection. The maximum cell detection times based on Table 2 through Table 7 are summarized in Table 8 below.
[bookmark: _Ref450743525]Table 8: Cell detection time for continuous cell search
	SNR [dB]
	Frequency offset [kHz]
	Cell identification time [ms]

	
	
	Boosting 6dB
	Boosting 0dB

	
	
	AWGN
	ETU1
	EPA1
	AWGN
	ETU1
	EPA1

	-15
	±18
	1030
	1810
	1790
	1090
	2040
	1820

	
	±0.1
	360
	860
	700
	360
	860
	730

	-6
	±18
	80
	270
	270
	90
	260
	240

	
	±0.1
	40
	140
	110
	50
	150
	110



The propagation condition that requires the longest time is ETU 1Hz, hence the associated cell detection times may form the basis for cell detection requirements.
Observation 1: The ETU 1 Hz propagation channel requires the longest time for successful cell detection of the cases simulated.
It is proposed that the cell detection times for ETU 1 Hz, based on combining the 95th percentiles for NPSS and NSSS detections, are used for setting requirements on e.g. RRC Re-establishment time.
Proposal 1: It is proposed that cell detection times are based on the sum of 95th percentiles for the NPSS and NSSS detections, respectively, for the ETU 1 Hz propagation channel. This requirement does not force the UE to implement advanced algorithms to determine whether a detected timing or PCI is reliable, but does not preclude such algorithms to be implemented by chipset vendors e.g. to save power.
Conclusions
We have provided a summary of our cell detection times that have been presented in [4] and [5]. From those results we have derived the cell detection times that any cat NB1 UE shall be able to meet without implementing advanced algorithms to determine whether an NPSS or NSSS candidate is reliable. We make the following observation:
Observation 1: The ETU 1 Hz propagation channel requires the longest time for successful cell detection of the cases simulated.
As a result, we propose the following:
Proposal 1: It is proposed that cell detection times are based on the sum of 95th percentiles for the NPSS and NSSS detections, respectively, for the ETU 1 Hz propagation channel. This requirement does not force the UE to implement advanced algorithms to determine whether a detected timing or PCI is reliable, but does not preclude such algorithms to be implemented by chipset vendors e.g. to save power.
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